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FAILURE MODES EFFECTS ANALYSIS (FMEA) — GIL HARDWARE
NUMBER: 06-3A-0607 -X

SUBSYSTEM MAME: ACTIVE THERMAL CONTROL

REVISION: U 02/04/B8
FART DATA
PART NAME PART NUMBER
VENDOR NAME VENDOR NUMBER
LRU T WATER SPRAY BOILER ASSEMBLY MC250-D015 ITENM 609
SRU T NITROGEN REGULATOR EVTESS0E-1

EXTENDED DESCRIPTION OF PART LNDER ANALYSIS:
NITROGEN REGULATOR

QUANTITY QF LIKE ITEMS: 3
ONE EACH BOILER ASSEMBLY

FUNCTION:

PROVIDES NITROGEN UPON DEMAND TQ THE WATER STORAGE TANK. ABUILT N
RELIEF VALVE PREVENTS OVER PRESSURIZATION OF S3YSTEM DOWNDSTREAM QF
REGULATOR.

05-34 - 89



FPAGE 16 PRINT DATE: 08/25/88

FAILURE MODEE EFFECTS ANALYSIS FMEA — CIL FAILURE MODE
NUMBER: 06-3A-0607-04

REVISION#: 1 U8i25/a8
 SUBBYSTEM HAME: ATCS - WATER SPRAY BOILER

LRU: WATER SPRAY BOILER ASSEMEBLY CRITIGALITY OF THIS
ITEM HAME: NITROGEN REGULATOR FAILURE MODE: 1R2
FaAlLURE MODE:
FAILS IM OFENM FOSITION OR INTERNAL LEAKAGE
MISSION PHASE: LC  LIFT-OFF

20  DE-ORBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMEBIA
103 DISCCOVERY
104 ATLANTIS
105 ENDEAVOUR

CAUSE:
MECHANIZAL SHOCK, VIBRATION, CORROSION, PHYSICAL BINDING/JAMMIMNCE,
CONTAMINATION

CRITICALITY /1 DURING INTACT ABORT ONLY? NO

RECUNDANCY SCREEN A} PASS

B} PASS

C) PASS
PASSIFAIL RATIONALE:
A}
2)
<)

- FAILURE EFFECTS -

{A) SUBSYSTEM:

LOSS OF FUNCTION - UNABLE TO FROYIDE THERMAL CONTROL (N ONE AP LUEE
OILHYD SYSTEM. NON REGULATED FLOWWILL CAUSE RELIEF VALVE TO OFEN
RESLULTING IN EVENTUAL LOSE OF N2 SUPPLY.
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FAILURE MODES EFFECTS ANALYSIS {FMEA} — CIL FAILLIRE MODE
NUMEER: 05-2A-DB0V- 04

(B} INTERFACING SUBSYSTEM[S}

POSSIBLE LOSS OR LIMITED RUN TIME OF ONE APUHYD SYSTEM DUE TO LOSS OF
GOOLING. LIMITED RUN TIME MAY NOT ALLOW APVHYD SYSTEM TO SUPPORT ENTIRE
POWERED FLIGHT OR ENTRY PHASE. LOSS OF HYDRAULIC CAPABILITY TO THROTTLE
ONE MAIN ENGINE. LOSS OF HYDRAULIC LANDING GEAR DEPLOY AND NOSE WHEEL
STEERING IF SYSTEM ONE IS LOST, AND LOSS OF ONE GF THREE ET UMEILICAL
RETRACT ACTUATORS FOR FAGCH UMEILICAL PLATE. LOSS OF REDUNDANT HYDRAULIC
POWER SYSTEM FOR FOUR TVC ACTUATORS LOSS OF ONE OF THREE HYDRAULIC
POWER SYSTEMS TO FLIGHT GONTROL SURFACES AND BRAKES. AN ADDITICINAL
FAILURE OF THE ASSOCIATED YVSB NZ RELIEF VALVE {R/ FAILING CLOSED) MAY RESULT
IN DAMAGE TO SURROUNDING SYSTEMS AND/OR STRUCTURE AS A RESLILT OF
OVERPRESSURIZATION OF THE WATER TANK

(C) MISSION:
ABORT DECISION - REMAINING TWO SYSTEMS PROVIDE SAFE RETURN.

{D} GREW, VEHIGLE, AND ELEMENT(S):
NO EFFECT

{E) FUNCTIONAL CRITICALITY EFFECTS:

FUNCTIONAL CRITICALITY EFFECT - FOSSIBLE LOS5 OF CREW/WVEHICLE WITH TWO
FAILURES: THIS FAILURE, RESULTING IN LOSS OF ONE APUHYD SYSTERM; FLUS GN2
RELIEF VALYE FAILED CLOSED, RESULTING IM POSSIBLE WATER TANK BURST WITH
SUBSEQUENT LOSS OF AGJACENT WATER TAMNK AND SECOND APUHYD SYSTEM.

-DISPOSITION RATIONALE-

A) DESIGN:

{EE}MIGRDN FILTER IS INCORPORATED AT THE INLET TC EACH REGULATOR. THE
LENGTH/DIAMETER OF THE STEM WHICH DRIVES OFEN THE BALL (POPPET) MINIMIZES
BINDINGAAMMING. ALL VALVE COMPONENTS ARE COMPATIELE WITH WORKING FLLIDS.
REGULATOR COMPONENTS ARE. HOUSING - 304 STAINLESS STEEL (88). VALVE SEAT -
VESPEL SP-1. BALL - TUNGETEN CARBIDE, STEM - 174 PH &8, SPRING - 302 8% THE
REGULATDR IS5 A SINGLE STAGE, SELF-RELIEVING AND FLOW LIMITING DESIGN. THE
RELIEF VALVE CRACKING PRESSURE IS 30 PSIG MINIMUM, THE RELIEF VALVE FULL FLOW
PRESSURE IS 32.5 PSIG MAXIMUM. RESEAT PRESSURE 15 28 PSIG MINIMUM.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — GIL FAILURE MODE

NUMEBER: 06-3A-0807- 04

(B TEST:
QUALIFICATION:

NITRCGGEN REGULATORS SUBJECTED TO 10,000 OPERATIONAL CYCLES.

RANDOM VIBRATION TEST {BOILER AND WYENT AREA) - ACCELERATION SPECTRAL
DENSITY INCREASING AT RATE OF & DB/OCTAVE FROM 23 TG 50 HZ; CONSTANT AT
007 G SWHZ FROM 50 TO 2000 HZ FOR 48 MINUTES/AXS (100 MISSION
EQUNALENGY). TEST PERFORMED WITH STORAGE TAMK LOADED 100 PERCENT AND
AT MAXIMUM OPERATING PRESSURE {FULL GN2 PRES3URE). HYDRAULIC AND APU
LUEE QIL CIRCUITS PRESSURIZED TC MAX OPERATING PRESSURE THOUGHOUT
TEST. PASS/FAIL CRITERIA. NO DAMAGE OR PERMANENT DEFORMATION; NO
ELECTRICAL CIRCUIT INTERRUPTIONS DURING TEET.

SHOCK TEST - {(PER MIL-3TD-210, METHOD 516.1, PROCEDURE 1) 18 SHOGKS TOTAL, &
EACH AXIS, AT 15 G'S PEAK VALUE FOR 11 M5 NOMINAL DURATION WITH FULL WATER
LOAD. PASS/FAIL CRITERIA: UNIT MUST PASS SUBSEQUENT FERFORMANCE TESTS.

FERFORMANCE RECORD TEST INCLUDES:

» [DESIGN POINT CHECK - WERIFICATION OF WSEB SYSTEM OPERATING
PARAMETERS GURING POOL EQILING [SZA LEVEL TESTING) AND SPRAY
BOILING (AT ALTITUDE). TESTING INCLUDES A WATER CARRY OVER
EFFICIENCY TEST WHICH COMPARES ACTUAL VERSUE THEORETICAL WATER
USAGE AT ALTITUDE ONLY WITH A KNOWN HEAT SINK.

MISSION PROFILE TEST AT ALTITUDE - SIMULATION OF A BASELINE FLIGHT FROFILE
AT MAXIMUM HEAT LOAD AND NORMAL CPERATION TO VERIFY PROFER WSE
FERFOEMAMCE {INMCLUDING SPRAYIMG).

THERMAL CYCLE TEST - TESTED AT OPERATING CONDITIONS AT 70 TO 275 TO 0 DEG
FWITH DWELL OF 10 MINUTES AT EACH LEVEL FOR 5 CYCLES, ALSO TESTED WITH
WSB NCT OPERATING AT 70 TO -85 TO V0 DEG F WATH A DWELL OF HOURS AT EACH
LEVEL FOR 3 CYCLES. PASSFALL CRITERIA: NO DAMAGE OF PERMANENT
DEFORMATION (INCLUDING VALVE FAILURE).

ACCEPTAMCE:

NITROGEN REGULATORS ARE TESTED PRIOR TO INSTALLATION INFD WSE
ASSEMBLY AS FOLLOWS, PROOF TEST, LEAK TEST (SEAT LEAK AND EXTERNAL

L FAK), RELIEF VALVE PERFORMANCE, REGULATION/FLOW TEST (INLET PRESSURE
VS FLOMEOUTLET PRESSURE).

EXAMINATION OF PRODUCT - VERIFICATION OF WORKMANSHIP, FINISH, IMENSIONS,
CONSTRUCTION, CLEANLINESS, \DENTIFICATION, TRACEABILITY LEVEL ANL
FROCESSES PER DEAWINGS AND MC250-0019 (WATER SPRAY BOILER
FROCUREMENT SPEC).

HIGH SIDE N2 PROOF TEST - TESTED AT 4770 PSIG FOR 15 MINUTES WETH HELIUM
AND CIRCUIT RELIEF YALVE FREVENTED FROM DPENING (REGULATOR PRESSURE 15
MONITORED DURING TEST). PASS/FAIL CRITERIA: MO EVIDENCE OF PERMAMNENT
DEFORMATION AND PASSAGE OF SUBSEQUENT WATER AND N2 CIRCUIT LEAK
CHECKE
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FAILURE MODES EFFECTS ANALYS3IS (FMEA) - CIL FAILURE MODE
NUMBER: 08-3A-0607- 04

= HIGH SIDE N2 LEAK CHECK, - TESTED AT 3180 P3IG WITH HELIUM AND CIRCUIT RELIEF
VALVE PREVENTED FROM QPENING (REGULATOR PRESSURE 15 MONITORED DURING
TEST). PASS/FAIL CRITERIA: 2.8 SCCM MAXIMUM HELIUM LEAKAGE.

+  DESIGN POINT CHECK - VERIFICATION OF WSE SYSTEM OFERATING PARAMETERS
DURING POOL BOILING (SEA L EVElL TESTING) AND EPRAY BOILING (AT ALTITUDE).
TESTING INCLUDES & COMPLETE WATER [[CAD EXPULSION TEST, PLUS A WATER
CARRY OVER EFFICIENCY TEST WHICH COMPARES ACTUAL YERSLUS THEQRETICAL
ATER USAGE AT ALTITUDE ONLY WITH A ENCAWN HEAT SIMK.

PRELAUNGH:
»  WEB IS OPERATING DURING PRELAUNCH PHASE AND INTEGRITY 15 VERIFIED
BEFORE LAUNCH LSING VEHICLE INSTRUMENTATHIN.

BROUND TURNAROUND TEST
= ANY TURMARDUND CHECKOUT TESTING |5 ACCOMPLISHED IN ACCCORDANCE VWITH
DMEZD.

{C) INSPECTION:

RECEIVING INSPECTION

RAVY MATERIALS ARE VERIFIED BY LAB ANALYSIS. VERIFICATION OF MATERIAL AND
EQUIPMENT CONFORMING TO CONTRACTS IS PERFORMED BY INSPECTION.

CONTAMINATION CONTROL

CLEANLINESS OF NITROGEN LINES 15 VERIFIED BY INSPECTION. CONTAMINATION
COMTEOL PROCESSZES AND FLANE AND CORROSION PROTECTION PROVISIONS ARE
VERIFIED BY INSFECTION.

ASSEMBLYINSTALLATION

TORQUING PER DRAWING REQUIREMENTS 2 VERIFIED BY INSPECTION.
MANLUFACTURING, INSTALLATION, AND ASSEMELY OFERATIONS ARE WERIFIED BY
INSPECTION. PART PROTECTION, COATING, AND PLATING ARE YERIFIED BY
INSPECTION.

CRITICAL PROCESSES
WELDING |S VERIFIED EY INSFECTICON.

NONMDESTRUCTIVE EVALUATION
¥-RAY AND PENETRANT INSPECTION ARE VERIFIED BY INSPECTION.

TESTING
INSPECTION POINTS PERFORMED DURING ACCEFTANCE TESTING ARE VERIFIED BY
INERPECTION.

HAMDLING/PACKAGING
FROFPER HANDLING AND STORAGE ENVIRONMENT ARE WVERIFIED BY INSFECTION.
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FAILURE MODES EFFECTS ANALYSIS (FMEA]} ~ CIL FAILURE MODE
NUMEER: 06-3A-D&07-04

B} FAILURE HISTORY:

CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOWMALIES. AND
QTHER FAILURES EXPERIENCED DURING GROUNL PROCESSING ACTIVITY CAN EE
FOUND IN THE PRACA DATA BASE. THE FAILURE HISTORY DATA PROVIDED BELOW IS NO
LONGER BEING KEPT UP-TO-DATE.

(AC4143-0100 (1982, 0VD95) DURING CHECKOUT OF OV-092. REGULATOR DID NOT
MAINTAIN REQUIRED QUTLET PRESSURE SHREDS OF A LOCKING EKEL-F INSERT
ACROSS THE REGULATSOR SEAT WERE IDENTIFED AS THE CAUSE. THE LOCK PLUG
HOLES HAVE BEEN ELIMINATED TO FREVENT RECURRENCE OF PROELEM FROM ALL
MEWLY MANUFACTURED AND REBUILT REGULATORE.

{ACH054-010) (1983, OV089) DURING CHECKOUT OF V=085, REGULATOR PRSSURE
CYCLED BETWEEN 39 AND 44 PSIA, OWMRSD SPECIFICATION VESAKQ D22 FOR WSB N2
REGULATOR OUTLET PRESSURE DURING GROUND CHECK QUT WAS CHANGED TO
REFLECT ACTUAL ACCEPTABLE EXPERIENCE QF 44 P31A MAXIMUM (1887). FOR
ADDITIONAL EXPLANATION AND CORRECTIVE ACTION, SEE AC4143-010.

{ACE213-D10) {1984, (W103) DURING CHECKQUT FOR FIRST FLIGHT OF OY-103.
REGULATGOR OUTLET PRESSURE LOCKED UP AT 44 PSIA. REGULATOR WAS CYCLED FIVE
TIMES AT COMPLETION OF FLIGHT AND FOUND TG BE IN SPEC (35-41 FSIA). FROBABLE
CALSE: REGULATOR WAS NEW AND REQUIRED CYCLING IN ORDER TO SEATIT
PROPERLY. OMRSD SPECIFICATION V5BAKD.022 FOR WaB N2 REGULATOR OUTLET
PRESSURE DURING GROUND CHECK OUT WAS CHANGED TC REFLECT ACTUAL
ACCEPTAELE EXPERIENCE OF 44 PSIA MAXIMUM {1987}, FOR ADDITIQNAL EXPLANATION
AND CORRECTIVE AGTION, SEE AC4143-010.

{E)} OPERATIONAL USE:

ASCENT: SHUT DOWN AFFECTED AFU/HYD SYSTEM AT AN APPROPRIATE TIME BASED
ON FLIGHT PHASE AND SYSTEM TEMPERATURES.

ENTRY: SHUT DOWN AFFECTED APU/HYD SYSTEM OR DELAY APU START IF FAILURE
KNOWN PRIOR TQ DEQREIT.

- APPROVALS -

EDITORIALLY APPROVED CBNA : J‘K’mu £-29-9%
TECHNICAL APPROVAL . WiA ARPROVAL FORM 1 965-CIL-009_DE-3A
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